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SUMMARY

The result of AIS "Venera-4" measurements are used for
interpreting radio astronomical ground observations. It is
shown that radio astronomical data are in good agreement with
the model of venusian atmosphere designed on the basis of
AIS "Venera-4" data. Water and water vapour content in the
atmosphere of Venus is estimated. Some assumptions on the
possible physical condition of Venus are submitted.

Studies of Venus started more than 300 years ago. 1In 1761
M.V. Lomonosov discovered the existence of an atmosphere of
Venus. However, up to the end of our century's fifties the
knowledge accumulated about Venus did not match the general
rapid development of science and technology. It was only estab-
lished that at the level of the cloud layer the temperature of
the atmosphere is about 240°K and remains virtually unchanged
from day to night. It was also estall’shed that the atmosphere
of Venus has a high carbon dioxide content. However, even such
fundamental charac}eristics of the planet as its temperature,
surface properties’ and pressure in its atmosphere remained un-
known.

This scarcity of factual data resulted in various hypothe-
ses and phantasies with diameterically opposite supposition as
to the existence on Venus of a total ocean or of an arid desert.

A considerable progress in investigations of Venus was
achieved in the last ten years mainly through the use of radar
and radio astronomical methods of investigation.

Radio astronomical investigations have shown that Venus has
a dry and hot surface surrounded by a colder atmosphere. Radar
investigations of Venus made it possible to determine the ele-
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ments of its rotation. However, many problems of planet's
physics, especially of its atmosphere, r ned open. In view
of the limited possibilities of ground methods of investigation
of Venus' atmosphere, the data on its composition, pressure and
temperature were often limited to very rough estimates.

A new stage in the investigation of Venus originated with
the successful descent of the Soviet automatic interplanetary
station "Venera-4" in the atmosphere of the planet. In the
course of this experiment, direct measurements of temperature
Pressure and chemical composition were carried out in the atmos-
phere of Venus for the first time and unigue scientific data
were obtained. The results of these measurements are reported
in [1,2]. The subject of this article is the comparison of the
results of measurements of AIS "Venera-4" with the data of radar
and radio astronomical ground measurements.

ALTITUDE DISTRIBUTION OF TEMPERATURE
AND PRESSURE IN THE ATMOSPHERE

A comparison with the data of radio astronomical and radar
measurements of Venus and the solution of a number of other
problems necessitates the knowledge of the altitude distribution
of temperature and pressure in the atmosphere of the planet.

The measurement data of AIS "Venera-4" yield such a distribution
from the planet's surface up to the altitude of 28 km [1]. We
have determined the distribution of temperature and pressure

from h = 28 km up to the upper boundary of the cloud layer by
interpolating the dependence p(T) obtained on the basis of mea-
surement data (in infrared rays) of temperature T = 240°K and
pressure p = 0.1 atm obtained at the level of the upper boundary
of the cloud layer [3,4]. For tying in altitude, the interpola-
tion curve p(T) (Fig.l) was divided into a series of temperature
intervals AT. Within each interval the atmosphere was assumed

to be polytropic, and consequently, the dependence log p = f(log T)
was assumed to be linear. Then, on the basis of the inclination
angles of the thus separated line segments we have determined the
polytropic exponent, equal to ug/BR, the temperature gradient B8,
and the altitude Ah = AT/B wvariation corresponding to the selected
AT. Here u is the molecular weight, g is the gravitation accele-
ration on Venus and R is the universal constant. The altitude

of the upper boundary of the cloud layer was found to be hop = 40km.
The distributions of p(h) and T(h) are in agreement with those
obtained on "MARINER-5" [5], provided the radius of the planet
surface is 6085 km. The distribution of temperature and pressure
in the atmosphere for h < 28 km which was determined by an ana-
logous method for control purpose is in good agreement with that
obtained in [l1]. In the region from 50 to 90 km above the cloud
layer, i.e. from 90 to 130 km above the surface, the distribution
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Dependence of pressure p on temperature T in the atmos-

phere of Venus relative to pressure p, and temperature T, near
the planet surface.

Solid 1line) "Venera-4" data; broken line) calculated
dependence for the adiabatic atmosphere; circle) measurement
results in infrared; dashed line) result of interpolation
between "Venera-4" measurements and measurements in infrared.
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Fig.2

Distribution in height h of temperature T and pressure
P in Venus' atmosphere.

Solid lines) results of "Venera-4" measurements;
circles) data of measurements in infrared; crosses) results of

Regulus eclipse measurements; h) altitude scale for a hypotheti-
cal model with p, = 50 atm.
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of temperature and pressure was determined on the basis of
the observation data on the Regulus eclipse [6,7] processed
for a carbon dioxide atmosphere. The region between h = 40
and h = 90 km was assumed to be isothermic with a temperature
of 235°K. The altitude distribution of temperature and pres-
sure in the atmosphere of Venus is thus plotted in Figqg. 2

COMPARISON WITH THE RESULTS OF RADIO ASTRONOMICAL
AND RADAR MEASUREMENTS

In recent years, as a result of numerous radio astronomical
measurements, the dependence on wavelenth of brightness tempera-
ture Ti:o of Venus' intrinsic radioemission was investigated in
sufficient detail [4,8-10]. The most characteristic peculiarity
of this spectrum is the approximate constancy of Ts2 in the 20
to 2 cm wavelength range and its substantial decrease in shorter
wavelenghts. Subsequently, it was established [11] that the
high-temperature emission in the centimeter band originates from
the hot surface of the planet, and the decrease in Tso in shorter
wavelengths is due to this band's radiowave absorption by a colder
atmosphere. However, the nature of this absorbing agent remained
unclear. According to various hypotheses it could be a cloud
layer consisting of drops of a "polar" liquid (for instance, of
supercooled water or some hydrocarbons), a dust cloud, or a ni-
trogen atmosphere with pressure of 100-200 atm at the surface,
etc. The results of AIS "Venera-4" measurements make it possible
to solve this problem unambiguously. Fig.3 shows tha computa-
tional dependences Tx9(’) which we have calculated. The brightness
temperature was determined by solving the radiation transfer
equation. The absorption coefficient was determined from the
relation

o = Cl.n + Ores

Here o, is the nonresonance absorption in carbon dioxide and
water vapour. According to [12]

On = pv2(273/T)5(15,750, + 1330fm,0) - 102

According to [2], the content in CO, and water vapours was
assumed to be fco,~1, fmo=0,004, The quantity Greg 18 the resonance
absorption in the water vapour line A = 1,35 cm equal to

p2
Thia25

Ores = 7,2-104(1 + 3,182fi,0) fa,ov? - e~844/T %

X{ . + - ]
(22,235 — v)2 4+ Av? ' (22,235 4 v)2-HAV?



The emissive power of the planet E = 1 - R was assumed to
be 0.9 and identical over the entire disk, while the surface
was assumed to be isothermic. The calculation was carried out
for three values of the surface temperature: Tg = 550°K, that is
equal to the temperature of the near-surface part of the atmos-
phere, Tg = 600°K and 650°K. Comparison with the results of
radio astronomical measurements plotted in Fig.3 shows a good

agreement between calculation and experiment.

The agreement existing between experimental and computa-
tional data for the atmosphere determined on the basis of AIS
"Venera-4" measurements eliminates the necessity of including
other agents absorbing the millimeter radioemission and makes
it possible to estimate the upper limits of their possible con-
tent. Fig.4 shows the calculated spectra of Venus' radioemis-
sion in the presence of droplet-liquid water in the cloud layer.
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Calculated and measured dependences Tao(M)
The calculation is made for fCOz = 1, f = 0.004 and three

values of surface temperature: Hzo
1) for Tg = 650°K; 2) for Tg = 600°K;
3) for Tg = 550°K; the dashed curve

corresponds to the hypothetical model with p, = 50 atm; the dots
are the measured values.



The calculation of the absorption coefficient was carrled out
on the basis of the approximate formula

uB = OLMO/)\Z

where M, is the water content of the cloud and a is a coeffi-

cient depending on temperature. In the -20 to + 20°C tempera-
ture range it can be approximated by the analytic relation a =
= 2,2-exp[0,04(273° - T)]. In connection with the dependence

of absorption on temperature, the quantity,

hs
B = My(h)exp[0,04(273° — T)]dh

fy

represents the parameter for evaluating the water abundance in
the layer located between the altitudes h,; and h,.

Comparlson of calculated spectra for B = 0.1; 0.3; 1; 3 and
10 g/cm? shows that B > 0.3 g/cm? is not in agreement with the
results of radio astronomical measurements. For a thickness of
the cloud layer of the order of several kilometers this corres-
ponds to the upper limit of the mean water content of the clouds
of Mg < 0.1 g/cm?.

Comparison with radio astronomical observation data in the
vicinity of A = 1,35 cm allows us also to make more precise the
water vapour content in the atmosphere of Venus. To this end
we have calculated the spectrum for two values of the relative
water vapour content, namely fy 5 = 0.004 and 0.002. The fact
that on A = 1.35 cm a decrease in ng predicted in calculations,
was absent in the majority of radio ~.stronomical measurements,
shows that in the atmosphere of Venus the water vapour content
is closer to the lower limit (0.1%) than to the upper limit
(0.7%) determined on the basis of AIS "Venera-4" measurements.

We have also calculated the radio brightness distribution

over the disk of Venus. 1In the 1.9 cm wavelength we have obtained
a decrease in brightness temperature near the edge of the disk by
approximately 100°K, which is in good agreement with the results

of measurements by "MARINER-2" [13]. The corresponding calculation
for the 3 cm wavelength was in good agreement with the results of
measurements of radiobrightness distribution in this wavelength
carried out at the Main Astronomical Observatory (Pulkovo), USSR [14].

Summing up the foregoing it may be said that the results
of the radio astronomical measurements are in good agreement
with the data obtained by AIS "Venera-4". At the same time it
should be noted that the best agreement between the calculated
spectrum Tsp(2) and the radio astronomical data takes place for
Tg = 650°K, i.e. at a surface temperature higher by approximately



100° than the atmosphere temperature measured by "Venera-4".
This fact requires additional investigations and, apparently,

it will be elucidated only in the course of further measure-
ments. For the time being it is possible to formulate only some
suppositions on the possible cause of the indicated diversity.
Since AIS "Venera-4" measurements are related to a local region
of Venus, while radio astronomical measurements yield parameters
averaged over the entire visible disk, it may be assumed that
AIS "Venera-4" landed in a mountainous region where surface
temperature and the near-surface atmosphere temperature, which
is equal to it, is by about 100°K lower than the average tempe-
rature of the surface. A calculation carried out under this
assumption shows that in this case, the atmospheric pressure

at the level of the mean surface may attain 50 atm.
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Calculated and measured dependences?}QQL

For various water vapour concentrations:

= 0,004; 2) for fH 0.002

1)} for fH 0 =
for va%?ous droplet-1liquid %ater contents

3) for B = 0.1 g/cm?; 4) for B = 0.3 g/em?;

5) for B = 1.0 g/cm?; 6) for B = 3 g/cm?

7) for B = 10 g/cmz.

The distribution of temperature and pressure in height can



be obtained by shifting the zero level by 10-15 km (right-hand
scale of altitudes in Fig.2). The calculated spectrum of Txo(A),
computed under the aforementioned assumptions on temperature and
pressure is plotted in Fig.3 by a dashed line. It can be seen
that it is in good agreement with the experiment.

In such a model the taklng into account of the absorption
effect in the atmosphere increases the dielectric constant € of
the matter of Venus' surface, determined from radio astronomical
polarization measurements [11l] up to € = 3, which is in agreement
with radar measurement data corresponding to € = 3.1 - 4.7.

02f °

ol /
/. o ]
/
;S
/
V / /
/y /
Ill / 1 o N 1 i
A 3 10 30 cm ! A 10m
Fig. 5

Calculated and measured
dependences 0ggg ()

Passing to the analysis of the radar measurements data
on Venus, let us investigate the dependence of the effective
cross-section of planet reflection o.¢f on wavelength. The
quantlty Oq is approximately constant and is equal to about
0.14 in the 50 to 20 cm wavelength range. It decreases down
to about 0.015 in the 3 cm range (Fig.5) [4, 15-17]. Such a
sharp variation of og.ff can hardly be explained by the frequency
dependence of the reflection factor p(A) of the matter of pla-
net's surface. The short wave absorption in the planet atmos-
phere seems more natural.

Let us see whether the Venus' model atmosphere, based on

AIS "Venera-4" data, can ensure the required absorption. The
calculation was based on formula

Oetf(A) = Ceggp[-2T1(N)],



in which it was assumed that Aegffo = 0.14. The results of the
calculation are shown in Fig.5. The solid line corresponds to
the calculation for a pressure of 20 atm at the surface with
0.47%7 of water vapour. In this case the absorption in CO, and
in water vapour is insufficient for the agreement with the ex-
perimental data, and the presence must be assumed of some addi-
tional, still undetected agent in the atmosphere, strongly ab-
sorbing the electromagnetic radiation in the 3 ¢m band. Such
an agent could be dust. However, to obtain the required absorp-
tion in the lower atmosphere of Venus dust should amount to
about 1 kg/cm? [18].

The dashed line in Fig.5 shows the results of calculation
for a pressure of 50 atm at the surface with 0.4% of water wvapour
It can be seen that at p, = 50 atm the model atmosphere of Venus
based on AIS "Venera-4" measurements data is in agreement with
the results of radio astronomical and radar measurements without
having to involve any hypothetical absorbing agents.

A great interest is also offered by the comparison of
radio astronomical and radar data with the "MARINER-5" measure-
ments [5]. Unfortunately, the temperatures and pressures, mea-
sured by "MARINER-5", are referring to the distance from the
planet's center of gravity. Therefore, in order to reduce them
to the altitude above the surface it is necessary to know the
radius of the surface. With Ho = 6056 km [19], determined by
radar measurements, the extrapolation of "MARINER-5"'s measure-
ment data along the adiabat yields a temperature and pressure
of the atmosphere at the planet surface which are approximately
800°K and 150 atm. The obtained temperature of the atmosphere
exceeds by 150°K the surface temperature which is the best agree-
ment with the data of radio astronomical measurements. A still
greater divergence occurs in the case of radar measurements data
The calculated dependence oeff(A) for p, = 150 atm is shown in
Fig.5 by a dot-dash line. The absorption of radioemission in
the 3 cm band in the atmosphere of CO, at 150 atm pressure is so
high that the calculated value of the effective cross-section of
the radar reflection Oggy = 0.14% must be one order lower than
the measured -1.7%. On the other hand, for a planet surface
radius equal to 6070-6085 km, the results of "MARINER-5" measure-
ments are in good agreement with the data of radio astronomical
and radar measurements (with the determination of geff(A) in
particular). 1In this case there exists a complete agreement
between the results of measurements by "MARINER-5" and "VENERA-4"

The astronomical, radioastronomical and radar measurements,
and especially the measurements carried out on AIS "Venera-4",
have broadened considerably our knowledge of Venus' atmosphere
and have considerably reduced the field of hypotheses concerning
the physical conditions on the planet.
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The solution of new and more spacific problems that have
now arisen, will necessitate further investigations, in which
a major role will be played by subsequent flights towrd Venus.

* % *  QHE END * * *
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